Plant virus causes many important plant diseases and are responsible for huge losses in crop production and quality in all parts of the world, and consequently, agronomists and plant pathologists have devoted considerable effort toward controlling virus diseases. One the most important virus on many Prunus species, causing great economic losses is Plum pox virus (PPV),casual agent of Sharka disease. Since its discovery, Sharka has been considered as a calamity in stone orchards. The virus has been detected in almost every country where any significant commercial stone fruit cultivation occurs [1]. The virus is entered into the list of regulated pests common in Ukraine. In Ukraine, the total area of PPV spread totals 4013,2764 ha. In Odessa region, 18.5 ha districts are in PPV quarantine. Six hotbeds of PPV infection totalling 28 hectares were found in Odessa region. For the first time in Odessa region, PPV was found on cherry trees. Peach and plum trees are hit equally. In this study, we use geographic information systems technology to identify potential locations in a Odessa region for controlling the spread of Plum pox virus. To our knowledge, this is the first attempt to employ GIS technology for controlling plant diseases in Ukraine. Provided it is properly maintained, the geospatial data, and the ability to generate detailed maps with it, is key to the success of PPV containment. Information management will be a key to improving for controlling the spread of Plum pox virus.
Introduction.Plant viruses are group of pathogens that cause important loses in different fruit croups and they have great economic importance. This is especially true for diseases associated with vectored pathogens such as PPV, an aphid transmitted virus.
Plum pox virus(PPV) is one of the most important pathogens causing destructive viral diseases in stone fruit trees such as peach, plum, apricot and cherry. Sharka was first reported in plum trees in Bulgaria in [1917] [1918] and was recognized as a viral disease by Atanasoff (1932) [2] . Since then, the virus has spread progressively to most of Europe, around the Mediterranean basin and the Near and Middle East. It has also spread to South and North America and Asia [3] .
To understand the scope of PPV infection, regular surveys are necessary to determine the presence of the disease. PPV symptoms may appear on leaves, shoots, bark, petals, fruits and even stones ( Fig. 1 ) They are usually distinct on leaves early in the growing season and include mild light-green discoloration, chlorotic spots, bands or rings, vein clearing or yellowing and leaf deformation. Flower symptoms can occur on petals (discoloration) of some cultivars. Infected fruits show chlorotic spots or lightly pigmented yellow rings or line patterns. Fruits may become deformed or irregular in shape, and may develop brown or necrotic areas under the discolouredrings [4] . Visual inspection of trees is not a reliable detection method because of the variability in the expression of symptoms and many years may pass before an infected host manifests symptoms. To avoid PPV spread over long distances by the movement of plant material, reliable detection methods are needed for the accurate detection of the virus in symptomless nursery plants and propagative material. Two official and validated international protocols for the detection and characterization of PPV strains have been developed [6, 7] .
We had used enzyme-linked immunosorbent assay (ELISA) and reverse transcription polymerase chain reaction (RT-PCR) remain the preferred lab tests to screen for and confirm the presence of PPV in collected samples.
The climate in Odessa region is influenced by the vicinity of the Black Sea and fluctuates from year to year but typically is characterized as having higher summer temperatures, warmer winters and relatively rare rainfalls. Here, warm spring normally begins in mid-April followed by dry and hot summer months. Therefore, monitoring of stone fruit orchards in Odessa region is conducted in spring and autumn, when the symptoms are more obvious and plant tissues contain more virus.
This work was aimed at conducting Sharka disease monitoring of planted stone fruit crops in Odessa region using traditional visual, serological and molecular methods, and subsequent coupling of obtained data on virus spread with geographical information system (GIS) technology for further use by plant quarantine services, virologists and producers Materials and methods.For the 3 years (2014-2016), plant disease monitoring of 185 hectares of stone fruit orchards in Odessa region was conducted, including 68 hectares in Belyaev and 43 hectares in Ovidiopol districts confirmed as the areas under PPV quarantine.
Visual diagnostics of PPV-specific symptoms was followed by serological analysis in the laboratory. Collected samples were tested for PPV by double antibody sandwich enzyme-linkedimmunosorbent assay (DAS-ELISA), as described previously by [8] , using specific polyclonal antibodies purchased from Bioreba (Switzerland) following the manufacturer's recommendations. RT-PCR was mainly used as a confirmatory test for selected samples using probes specific to PPV-D and PPV-M strains.
Portable navigation system Garmin GPS 60 was used for accurate recording of geographical coordinates of the sample collection spots and locations where the Sharka symptoms were evident.
Results and discussion.In 2014-2015, for the first time in Odessa region, PPV was found on cherry trees (Fig. 2) in Khlebodarskoye village of Ovidiopol district (area 2,5 ha). Strain PPV М identified in 2015. Prior to this, surveys of cherry orchards have not been conducted due to the fact the PPV has never been detected there.
Figure. 2. Symptoms of PPV on cherry trees of Ovidiopol district, Odessa region
Also, new PPV hotbeds were found in Doslidnoe village (plum orchard, area 2,3 ha) and in Mirnoje village (peach orchard, area of 5 hectares; the total area of 80 ha) in Belyaev district. As of today, we have confirmed six hotbeds of Sharka disease totaling to 28 hectares in Odessa region (Fig. 3) .
Therefore, the results of 3-year PPV monitoring in the affected areas of Odessa region revealed new hotbeds of virus spread.
Figure. 3. Pilot GIS-aided map showing plotted quarantine areas for PPV in Odessa region
In turn, these results underline the need for a) regular screening of stone fruit orchards (commercial, suspect/endangered, and quarantined ones as minimum) for PPV using EPPO-approved serological and/or molecular techniques, and b) a database system combining virus monitoring, crop, vector, climate and map data.
Plant disease management practices can be improved by putting epidemiological information in the same format as other plant pathologistsinformation using a geographic information system (GIS). The integration of GIS provides a mean for the refined analysis of traditional and contemporary biological/ecological information on plant diseases. GIS has been applied in agriculture for the spatial analysis of insect pests, weed infestations, and plant diseases, which is particularly true for Sharka disease [8] .
To our knowledge, this is the first attempt to employ GIS technology for controlling plant diseases in Ukraine. Provided it is properly maintained, the geospatial data, and the ability to generate detailed maps with it, is key to the success of PPV containment allowing for the ease of navigation to known sites each survey season but, most importantly, for decision making regarding the: 1) Efficient development of buffer zones and quarantine boundaries when a PPV-positive tree was identified;
2) Calculation of acreage to predict number of samples and prepare sample labels before field survey;
3) Calculations and verification of acreage for destruction of diseased trees;
Another advantage of interest to Odessa region is that such approach may also combine climate and vector data -both are of importance for PPV. Altogether, use of GIS technology for controlling PPV spread allows better planning of activities, personnel and limited funds Conclusions. 1. For today six pestholes of PPV, total area of twentyeight hectares, is found in Odessa region. Most of infected trees have peaches and plums.
2. For the first time in Odessa region, PPV was found on cherry trees: аll the pestholes in рlum and рeach orchards the Odessa region identified strain PPV -D; іn the pesthole in sweet cherry orchard the Odessa region identified strain PPV -М.
3. Modern technology phytosanitary monitoring of viral diseases, including PPV should be based on the integrated use of methods that allow you to get information about the spread of viral diseases in Ukraine and to determine the general trend of development of the pathological process, to inform the selection institutions of new invasive races of pathogens to develop reliable forecast for the development of the disease.
